Two psychrotolerant, Gram-stain-negative, rod-shaped bacterial strains, designed M1-27 T and 8-24 T , were subjected to polyphasic taxonomic studies. Strain M1-27 T was isolated from the foreland of the Midtre Lové nbreen glacier, whereas strain 8-24 T was isolated from the foreland of the Austre Lové nbreen glacier. Both were Arctic glacier forelands, near Ny-Å lesund, Svalbard Archipelago, Norway. Strains M1-27 T and 8-24 T exhibited 16S rRNA gene sequence similarities of 91.0-96.0 % and 92.3-96.7 %, respectively, to type strains of recognized species of the genus Pedobacter. Phylogenetic analysis based on 16S rRNA gene sequences showed that the two strains were grouped with members of the genus Pedobacter, but represented distinct taxa. Both strains contained MK-7 as the predominant menaquinone. The DNA G+C contents of strains M1-27 T and 8-24 T were 43.8 % and 39.4 %, respectively. The phenotypic characteristics, The genus Pedobacter was first proposed by Steyn et al. (1998) with the reclassification of two species of the genus Sphingobacterium as Pedobacter heparinus and Pedobacter piscium and the description of two novel species, Pedobacter africanus and Pedobacter saltans. The genus accommodates Gram-negative, non-motile or motile by gliding, obligately aerobic rods with MK-7 as the major menaquinone and DNA G+C contents of 36245 mol%. All members of the genus are oxidase-and catalase-positive, but negative for urease activity, indole production and nitrate reduction (Margesin & Zhang et al., 2013) . Members of this genus contains sphingolipids and the major polar lipid in all species tested was phosphatidylethanolamine (Zhou et al., 2012) . At the time of writing the genus Pedobacter comprises 41 species with validly published names. Members of this genus have been isolated from various environments such as soil, activated sludge, manure, compost, glacial cryoconite, glacial water and freshwater. These habitats range from frigid (Margesin et al., 2003a; Shivaji et al., 2005; Zhou et al., 2012) to temperate regions (Margesin & Shivaji, 2011) . In this study, we report the characterization of two novel representatives of the genus Pedobacter, which are psychrotolerant and were isolated from Arctic glacier forelands near Ny-Å lesund, Svalbard Archipelago, Norway (78 u N).
The genus Pedobacter was first proposed by Steyn et al. (1998) with the reclassification of two species of the genus Sphingobacterium as Pedobacter heparinus and Pedobacter piscium and the description of two novel species, Pedobacter africanus and Pedobacter saltans. The genus accommodates Gram-negative, non-motile or motile by gliding, obligately aerobic rods with MK-7 as the major menaquinone and DNA G+C contents of 36245 mol%. All members of the genus are oxidase-and catalase-positive, but negative for urease activity, indole production and nitrate reduction (Margesin & Zhang et al., 2013) . Members of this genus contains sphingolipids and the major polar lipid in all species tested was phosphatidylethanolamine (Zhou et al., 2012) . At the time of writing the genus Pedobacter comprises 41 species with validly published names. Members of this genus have been isolated from various environments such as soil, activated sludge, manure, compost, glacial cryoconite, glacial water and freshwater. These habitats range from frigid (Margesin et al., 2003a; Shivaji et al., 2005; Zhou et al., 2012) to temperate regions (Margesin & Shivaji, 2011) . In this study, we report the characterization of two novel representatives of the genus Pedobacter, which are psychrotolerant and were isolated from Arctic glacier forelands near Ny-Å lesund, Svalbard Archipelago, Norway (78 u N).
Two bacterial strains, designated M1-27
T and 8-24 T , were isolated from a till sample collected from the foreland of Midtre Lovénbreen glacier (78 u 53.6380 N12 u 04.8500E) and from a soil sample collected from the foreland of Austre Lovénbreen glacier (78 u 53.9470 N12 u 09.4480E), respectively, near the settlement of Ny-Å lesund in the Svalbard Archipelago, Norway. Isolation was carried out using the standard dilution plating method on 0.36R2A agar (BD) at 4 u C. The two novel isolates were both cultured routinely on R2A agar at 18 u C and stored following lyophilization at 4 u C.
For 16S rRNA gene sequencing and phylogenetic analysis, genomic DNA was extracted by following the methods of Sambrook et al. (1989) . The 16S rRNA gene was amplified by PCR using the universal bacterial primers 27F and 1492R (Dorsch et al., 1992) and PCR products were sequenced by Invitrogen Biotechnology (Shanghai, China). Sequence
The GenBank/EMBL/DDBJ accession numbers for the 16S rRNA gene sequences of M1-27 T and 8-24 T are KC569794 and KC569795, respectively.
IP: 54.70.40.11
On: Mon, 14 Jan 2019 08:35:14 similarity was calculated from pairwise alignments obtained from the EzTaxon database (Kim et al., 2012) . Further phylogenetic analysis was performed by using the software package MEGA4.0 (Tamura et al., 2007) after multiple alignments of the data via CLUSTAL_X (Thompson et al., 1997) . Phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) and maximumparsimony (Fitch, 1971) methods. Evolutionary distances for the neighbour-joining algorithm were calculated with Kimura's two-parameter method (Kimura, 1980) and the topology of the neighbour-joining tree was evaluated by bootstrap analysis on the basis of 1000 replications (Felsenstein, 1985) . Close-neighbour-interchange (search level52, random additions5100) was applied to the maximum-parsimony analysis. T and 8-24 T were affiliated with the genus Pedobacter, and formed two clades in the neighbour-joining tree (Fig. 1) . The topology of the maximum-parsimony tree was essentially the same as that of the neighbour-joining tree (data not shown). In order to compare the phenotypic characteristics of strains M1-27 T and 8-24
T with those of closely related species of the genus Pedobacter, P. ruber LMG 26240 T , P. insulae KACC 14010 T , P. boryungensis KCTC 23344 T and P. heparinus DSM 2366 T were used as reference strains.
Growth was evaluated on several standard bacteriological media at 18 u C: R2A agar (BD), 0.36R2A agar (BD), tryptic soy broth (TSB; BD) agar, 0.16tryptic soy broth (TSB; BD) agar, nutrient agar (NA; BD) and 0.16nutrient agar (NA; BD). Cell morphology was observed by phase-contrast (BX51; Olympus) and transmission electron (8100; Hitachi) microscopy ( Fig. S1 , available in the online Supplementary Material) using cells grown for 3 days at 18 u C on R2A.
Gram staining of cells was performed according to the classical Gram staining procedure (Doetsch, 1981) . Growth at different temperatures (4, 10, 18, 20, 22, 25, 28, 37 , and 42 u C) was investigated on R2A agar for up to 2 weeks. The pH range for growth was determined in R2A broth at pH 4.0211.0 (in increments of 1.0 pH unit). The pH was adjusted using 0.1 M HCl and NaOH and media were sterilized by passing through a 0.2 mm filter. Salt tolerance was evaluated from growth in R2A broth supplemented with 0, 0.5, 1, 2 and 3 % NaCl (w/v) for 2 weeks at 18 u C. Gliding motility was examined as described by Bowman (2000) . Catalase activity was determined by measuring bubble production after the application of 3 % (v/v) hydrogen peroxide solution, with the production of bubbles indicating a positive reaction. Oxidase activity was evaluated via the oxidation of 1 % (w/v) p-aminodimethylaniline oxalate. The presence of flexirubin-type pigments was evaluated using the KOH test, as described by Bernardet et al. (2002) . Growth under anaerobic conditions was evaluated following incubation in an anaerobic chamber (Oxoid) for 3 weeks at 18 u C on R2A supplemented with 0.1 % (w/v) KNO 3 . The hydrolysis of xanthine and hypoxanthine was evaluated by adding 0.01 % (w/v) xanthine or hypoxanthine to R2A agar plates. Biochemical tests were performed, as described by Smibert & Krieg (1994) , to determine the hydrolysis of Tweens 20, 40, 60 and 80, casein, tyrosine, DNA and starch. Antibiotic susceptibility was investigated on R2A plates using antibiotic discs (diameter, 6.35 mm) containing the following antibiotics (concentration per disc): polymyxin B (30 mg), streptomycin (10 mg), penicillin G (10 mg), chloramphenicol (30 mg), ampicillin (10 mg), cefalotin V (30 mg), cefalotin IV (30 mg), gentamicin (10 mg), novobiocin (5 mg), tetracycline (30 mg), kanamycin (30 mg), lincomycin (2 mg), neomycin (30 mg), carbenicillin (100 mg) and SMZ-TMP (1.25 mg). Any sign of growth inhibition was scored as a sensitivity to that antibiotic.
Resistance to an antimicrobial drug was indicated if no zone of inhibition was observed. Utilization of carbohydrates and organic acids was tested by using the GN2 MicroPlate (Biolog) system according to the manufacturer's instructions. Additional physiological and biochemical characteristics were determined by using API kits (API 20E, API 20NE, API ZYM and API 50CH; bioMérieux) incubated at 18 u C, according to the manufacturer's instructions.
The DNA G+C contents of strains M1-27 T and 8-24 T were determined by HPLC (UltiMate 3000; Dionex) according to the method of Mesbah et al. (1989) . Respiratory quinones were extracted and analysed with HPLC, as described by Xie & Yokota (2003 , were harvested from R2A plates incubated at 18 u C; cells growing during the late-exponential phase were used in this study. The physiological ages of the six cultures were standardized according to the protocol given by Microbial Identification System (MIDI) (http://www.microbialid.com/PDF/ TechNote_101.pdf). The extraction of cellular fatty acids was performed according to the Sherlock MIDI (version 6.0) protocol. The separation and identification of fatty acid methyl esters were performed using a gas chromatograph (6890N; Hewlett Packard) with the MIDI Sherlock TSBA6 version of the database (Sasser, 1990) . Sphingolipids were extracted and analysed according to the methods of Kato et al. (1995) , while the cellular polar lipids were extracted and analysed on silica gel plates by two-dimensional TLC (0.2 mm layer thickness; Merck) according to the method of Tindall (1990) .
The DNA G+C contents of strains M1-27
T and 8-24 T were 43.9 % and 39.4 %, respectively. These values are within the range of 36-45 % reported for representative species of the genus Pedobacter (Margesin & Shivaji, 2011) . The major isoprenoid quinone of the two strains was MK-7, which is in line with all other members of the family Sphingobacteriaceae. The two strains contained iso-C 15 : 0 , iso-C 17 : 0 3-OH and summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c) as the major cellular fatty acids, which is also in accordance with the description of the genus Pedobacter (Steyn et al., 1998) . However, strain M1-27 T contained less iso-C 15 : 0 (6.1 %) but more anteiso-C 15 : 0 (7.2 %), C 15 : 1 v6c (7.2 %), anteiso-C 17 : 1 v9c (6.2 %), summed feature 9 (iso-C 17 : 1 v9c and/or C 16 : 1 10-methyl) (6.1 %), iso-C 16 : 0 (5.5 %) and iso-C 16 : 1 H (5.3 %). Details of the fatty acid profiles of strains M1-27 T ,
8-24
T and the reference strains are presented in Table 1 . To our knowledge, at the time of writing, most members of the family Sphingobacteriaceae contain sphingolipids, and the major polar lipid in all described species of the genus Pedobacter is phosphatidylethanolamine (Zhou et al., 2012) . The major polar lipids detected in the two novel strains were phosphatidylethanolamine and sphingolipid . Furthermore, strain M1-27 T contained six unknown lipids (Fig. S2a) ; while four unknown lipids, two unknown amino lipids, and one unknown amino phospholipid were detected in strain 8-24 T (Fig. S2b) . The morphological, physiological and biochemical characteristics of strains M1-27 T and 8-24 T are summarized in the species descriptions. The features that differentiate strains M1-27
T and 8-24 T from each other and from the reference strains are presented in Table 2 .
On the basis of the phylogenetic, phenotypic and chemotaxonomic data presented, strains M1-27
T and 8-24 T are proposed as the type strains of two novel species of the genus Pedobacter, for which the names Pedobacter huanghensis sp. nov. and Pedobacter glacialis sp. nov. are proposed.
Description of Pedobacter huanghensis sp. nov.
Pedobacter huanghensis (huang.hen9sis. N.L. masc. adj. huanghe named after the Chinese Arctic Huanghe Station, the site where the type strain was isolated).
Cells are strictly aerobic, Gram-stain-negative, non-sporeforming, non-motile and rod-shaped (1.0-1.760.3-0.4 mm). 
L-threonine and D-glucose 6-phosphate. Sensitive to polymyxin B, streptomycin, penicillin G, chloramphenicol, ampicillin, cefalotin V, cefalotin IV, novobiocin, tetracycline, lincomycin, neomycin, carbenicillin and SMZ-TMP, but resistant to gentamicin and kanamycin. The major respiratory quinone is MK-7, and the cellular fatty acids include summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c), anteiso-C 15 : 0 , C 15 : 1 v6c, anteiso-C 17 : 1 v9c, summed feature 9 (iso-C 17 : 1 v9c and/or C 16 : 1 10-methyl), iso-C 15 : 0 , iso-C 17 : 0 3-OH, iso-C 16 : 0 , iso-C 16 : 1 H and C 17 : 0 2-OH The major polar lipid is phosphatidylethanolamine; six unknown lipids and sphingolipid are present.
The type strain, M1-27 T (5CCTCC AB 2012936 T 5LMG 28205 T ), was isolated from a Midtre Lovénbreen glacier till sample taken near Ny-Å lesund, Svalbard Archipelago, Norway. The DNA G+C content of the type strain is 43.9 mol%.
Description of Pedobacter glacialis sp. nov.
Pedobacter glacialis (gla.ci.a9lis. L. fem. adj. glacialis icy, full of ice).
Cells are rod-shaped (1.021.160.420.5 mm), aerobic, Gram-stain-negative and non-motile. Colonies on R2A agar are yellow, convex, smooth and round with entire margins. Grows well on R2A, 0.36R2A, TSB agar and NA. Growth occurs at 4-28 uC (optimum, 18-28 uC) and at pH 7.0-9.0 (optimum, pH 7.0-8.0). Tolerates 0-1.0 % NaCl (w/v) (optimum, 0-0.5 %). Catalase-and oxidasepositive. Flexirubin-type pigments are absent. Positive in tests for hydrolysis of Tweens 20, 40 and 60 on R2A plates incubated at 18 u C for up to 2 weeks, but negative for xanthine and hypoxanthine. Amylase, protease and DNase activities are not detected. In the API 50CH test, acid is produced from D-mannose and aesculin. The following compounds are utilized as sole carbon sources: dextrin, Tween 40, L-arabinose, cellobiose, D-fructose, D-galactose, gentiobiose, a-D-glucose, a-lactose, lactulose, maltose, were obtained in this study unless indicated otherwise. +, Positive; 2, negative; W, weakly positive. In the API ZYM tests, all strains were positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BIphosphohydrolase, a-glucosidase and N-acetyl-b-glucosaminidase, but negative for lipase (C14), b-glucuronidase and a-fucosidase. In the API 20E and 20NE strips, all strains were positive for aesculin hydrolysis, b-galactosidase (para-ni) and acetoin production, but negative for nitrate reduction, indole production (tryptophan), fermentation (glucose), arginine dihydrolase, urease, hydrolysis (protease), lysine decarboxylase, ornithine decarboxylase, H 2 S production, tryptophan deaminase, assimilation of capric acid, adipic acid, trisodium citrate and phenylacetic acid, and oxidation of glucose, mannitol, inositol, sorbitol, rhamnose, sucrose, melibiose, amygdalin and arabinose. 
